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ABSTRACT

IEMODYNAMICS OF THE STOMACH
IlL EFFECTS OF SALMONELIA TYPHOSA ENDOTOXIN ON THE

RESISTANCE TO BLOOD FLOW

OBJECT

This study was designed to determine the response of the gastric
vascular bed to the local administration of the endotoxin of Salmonella
typhosa 0901.

RESULTS

The injection of endotoxin into the left gastric artery of 10 dogs
produced a rapid aver,•ge increase in gastric arterial pressure (100%)
and coronary venous pressure (200%). Arterial pressure remained'
elevated for 30 minutes. but venous pressure returned to control in 15
minutes. Systemic arterial preshure fell an average of 20% in 10 minutes.
Locally infused phentolamine blocked the responses of the gastric artpry
and coronary vein without affecting systemic pressure.

In a second series of animals whose systemic and gastric circula-
tions were completely separated. endotoxin administered into either the
gastric or systemic circulation failed to produce rapid increases in
gastric vascular resistance.

CONCLUSIONS

These studies indicate that the left gastric arterial and coronary
venous pressure increases induced by endotoxin in the intact animal are
probably mediated in large part by systemic release of catecholamines.

RECOMMENDATIONS

None.
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HEMODYI-IAlMtICS OF THE STOMACH
11I. EFFECTS OF SALMONELLA TYPhOSA ENDOTOXIN ON THE

RESISTANCE TO BLOOD FLOW

L INTRODUCTION

Endotoxin is responsible for many profound vascular effects in-
cluding venous pooling, changes in resistance to blood flow in many
organs, and circulatory collapse leading to death. Most prominent
among the many early va~scular effects of endotoxin is the rapid develop-
ment of hepatic and intestinal congestion (I. Z). The apparent cause of
this pooling of blood in these organs is venous constriction in the liver.
With time hepatic engorgement subsides, but pooling of blood in the
intestine continues, suggesting some persistent --ffects of endotoxin on
the blood vessels of the gut (2).

The gaitric circulation, like the intestinal, is in direct continuity
with the portal vein and might be expected to exhibit rcsponses similar
to those of the guý vasculature. This investigation is concerned with

* Ithe response of the gastric vascular bed to the local administration of
the endotoxin of Salmonella typhosa 0901.

11. METHODS

Twenty-five mongrel dogs of both sexes weighing eight to Z0 Kg.
were subjects of acute studies. The animals were anesthetized with
pentobarbital sodium (35 mg. per Kg.) and anticoagulated with heparin
sodium (5 mg. per Kg.). Artificial respiration was administered by a
tracheal cannula when required. The stomach and ite main blood vessels
we-e exposed by a left subcostal incision. Splenectomy was routinely
performed and the stomach was ligated at both ends. Under these con-
ditions the vagi were probably not functioning..

Following ligation of the hepatic and splenic arteries near their
origins, the right gastric and right gastroepiploic arteries'and veins,
and the multiple branches of the left wastroepiploic artery and vein
which enter and leave the greater curvature were ligated. Blood was
perfus.ed through the left gastric artery of the stomach by a pressure-
independent, variable flow pump (Sigmnamotor Pump. Model T-65) inter-
posed between the right femoral artery and the celiac axis.

Needles were inserted into the coronary vein of the stomach, the
perfusicL• tubing proximal to the left gastric artery, and the left commoa
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carotid artery and connec;d w a strain guage for recording of blood
pressures (Sanborn Twin-Viso, Model 60).

Salmonella typhosa 0901 endotoxin (0. 6 mng. per Kg. Bacto Lipo-
polysaccharide. Difco Laboratories) was injected in one bolus directly
into the perfusion system just proximal to the left gastric artery.

Blood flow throuigh the gastric artery was fixed at a given rate for
each experiment. Flow varied from 24 to 48 ml. per minute.

Single Circulaticn. Pressures were recorded from five minutes
before to 30 minutes after injecting endotoxin kn ten dogs. In three ad-
ditional animals this experiment was repeated, but a phentolamine
in-usion in doses which did not alter systemic arterial pressure (0. 5
to 3. 0 jLg. per minute) was administered into the gastric artery through-
out the experiments. In three other anirmals no endotoxin was adminis-
tered and the results obtained for 30 minutes in these dogs served as
control records. In these latter three control animals the systemic
arterial pressure was lowered by exsanguination to the same degree as
observed with endotoxin and the effect on the gastric arterial pressure
was measured.

Dual Circulations. In nine other animals venous drainage from
the stomach was collected in a reservoir connected to a pump-oxygenator
(Kay-Cross disc oxygenator, Pemco Inc. ) beforL being returned to the
left gastric artery. This constituted a closed circuit gastric circulation.
Endotoxin was injezted into the perfusion system as outlined above in
three of these nine dogs and injected into a systemic vein in another
three animals of this group. No endotoxin was given to the remaining
three dogs which served as controls. Recordings were obtained in these
nine dogs &'or the subsequent 30 minutes. The isolation of the gastric
circuit was checked by two methods: the volume of blood collected from
the coronary vein was compared with the volume perfused through the
gastric artery, and India ink was Injected into the perfusate to determine
whether leakage of ink was occurring beyond the confines of the stomach.
These procedures showed that the stomach circulation was isolated from
the systemic.

Il. RESULTS

Single Circuldtion. The injection of endotoxin into the gastric
artery of ten dogs caused a rise in coronary venous pressures followed
within two minutes by an increase in Is'ft gastric artery pressures and
a decrease in left common carotid artery pressures. Peak venous
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pressures were achieved at about five minutes after injection andaveraged
over 200 per cent of control. Venous pressures then returned to pre-
injection levels over the next 15 minutes. Loft gastric artery pressures
continued to climb to maxlznum values for ten minutes beyond injection
and then decreased, but were still n4arly twice control values at 30
minutes. The pressure gradient across the gastric vascular hed showed
a mean increase at ten minutes of 107 per cent sud at 30 trinutes was 89
per cent above the pre-injection value. These values were sigaificant
(p = <. 001) when compared with pressure gradient changes obtaned in
the three control animals using the Student t - test (3). Systemic pres-
sures reached a nadir at ten minutes after injection of endotc::in when
an average value of Z4 per cent below the pro-injection levei was re-
corded. Subsequently, pressure in the carotid artery returned to a
mean value of 13 per cent below inItial pressure at 30 minutes after in-
jection. These results appear in Fig. 1.
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Fig. 1. Average pressures from ten dogs in whom eandotoxim
was injected into the left gastric artery (arrow). Gastric and
systemic circulation* were in continuity. Per cent change
from initial values io noted at various times.
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In the three animals in whose perfusion system a phentolamine
infusion was maintained after injection of endotoxin. the gastric arterial
pressure increased only 18 per cent over the pre-ipjection value. Venous
pressure rose only 30 per cent in these dogs. The results from these
arnimala are shown in Table L

In the three control animals the mean gastric a-te--y preasure
varied by no more than 13 pe7 cent above or below initial pressure over
a period of 30 minu.tes. The coronary vein and systemic arterial pres-
sures displayed correspondingly small fluctuations. These results are
shown in Table L

Lowering systemic blood pressure 20 per cent by bleeding had no
effect on gastric artery pressure in the thr,--p crntrol anin.als.

Dual Circulations. In the nine animals in whom the circulation of
the dtomach was separated from the systemic circulation and maintained
with a pirmp-oxygenator, thc venous pressure was atmospheric through-
out. In the three dogs of this group in whor.i no endotoxin was adminis-
tered, there was a progressive rise iii mean left gastric artery pressure
of 63 per cent over 30 minutes, while systemic arterial pressure varied
by no more than 1 5 per cent above or below control. The results from
these three control animals used to show the effect of time on gastric
artery preasurc are seen in Table I1.

In the three dogs of this group in whom endotoxin was irnjected into
the gastric circulation and did not reach the systemir ci--culation., there
was no increase in perfusion pressure. At 30 minr.tes gastric arterial
pressure was the same as at th..- time of injection and was significantly
lower than that found in the three control dogs with separate circulations
(p = <. 02). Systemic prespure fluctuations were the same as in the
control animals. These results are shown in Table IL.

In the three dog. with dual circulations iu whom endotoxin was
injected into the systemic circulation, pressures at 30 minutes were
not significantly different from the dual circulation coaxtrol animals.
These results are shown in Table EI.

Tho effect of endotoxin on gastric vascu1Ar resistance was cal-
culated for the six series of experiments: control. endotoxin. and endo-
toxin with phoentolanine in the animals with a single circulation, and
control. eneotoxioi in the gastric artery and endotoxin in the systemic
vein in the dogs with two separat* circulations. It can be seen (Fig. 2a)
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that endotoxin induces a persisteat increase in gastric vascular resistam
which is blocked by phentolamine infused into the gastric artery. In the
animals with separate circulatio'ns (Fig. Zb) endotoxiu injected into the
gastric circulation prevented tie. ri sing resistance observed in the contri
dogs, while endotoxin in the svsteinic circulation induced no significant
"change from control.

IV. DISCUSSION

Endotoxin when injected directly into the left gastric artery and
allowed to circulate systemically prodiv.ed a prolonged increase in gasti
vascular resistance. This effect was abolished by phentolamine. When
the gastric circulation was isolated from the systemic and endotoxin, in-
jectý.d into the systemic circulation there was no change from control.
When endotoxin was injected into the separate gastric circulation the re.
sistance increase, which had been notcd in the three control animals. d
not occur. These studies suggest that endotoxin produces an active in-
crease in the gastric vascular resistance in the dog by an indirect mect
nism. This increase is produced, at least in part, by a remote release
of catecholamines into the blood. It also appears that the direct effect
of endotoxin on the isolated gastric circulation is a prevention of the in-
crease in gastric vascular resistance observed in tie control dogs with
dual circulations. in the animal with a single circulatian, however, the
"indirect mechanism predominates.

Several factors might have been responsible for the increase re-
sistance to blood flow in the stomoach of the single circulation animals I
ducted by endotoxin. The rise in venous pressure, presumably due to
hepatic venous congestion, might have actively elevated resistance in tb
stomach. Endotoxin when administered into the left gastric artery migi
have acted directly on the gastric vasculature or have liberated a vaso-
active chemical mediator locally; or it might have acted indirectly upon
a distant site by nervous or chemical means.

"It appears unlikely from these studies that the elevation of venous
"pressure in the stomach could have had more than a minor role in raisa
gastric arterial pressure._ Peak coronary vein pressures were reacher
long before arterial pressures were maximal, and pressures in the left
gastric artery remained twice control long after restoration of venous
pressures to control values. The veno-arteriolar reflex, as described
in other beds (4, 5), exerts a nearly immediate effect rather than the
sequence observed here. In preliminary investigations in this laborato
a three-fold rise in coronary venous pressure was not accompanied by
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i•] ~Fig. 2. Chances in gastric vascular resistance in the six series of ex-...

S~p.erirnents. Figure a compares resistance changes in the single circuL-

• ~lation experiments In the control dogs with changes induced by endotoxiu

• . and by endotoxin and phentolarmine. Figura b compares resistance
iii!changes in the dual circulation experiments in the control series with

th• groups given endotoxin either in the gastric artery or systenmic vein.

N signifies the number of subjects. Q represents the mean flow for thl

series (ml. per mn. ) and the arrow indicates endotoxdnin zjection.
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increases in gastric arterial prcseures which were of the magnitude
observed after injecting endotoxin.

When endotoxin was injected into the isolated gastric circulation,
resistance remaia-ed unchanged for the subsequent 30 minutes. In the
"control animala with two circulations resistance increased 63 per cent
in 30 minutes (Fig. Zb). This suggests that the local action of endotoxin
in the gastric vascular bed is dilatation.

"The increase in gastric vascular resistance must be secondary to
a distant mechanism of endotoxin. This inference is confirmed by the
three experiments with locally infused phentolamine and the studies with
separate circulations in which endotoxin was excluded from the stomach
circuit. Phentolamnii-e was infused into the left gastric artery in amounts
which did not affect systemic arterial pressure. The failure of endotoxin
to elevate pressure significantly in the gastric artery, where phento-
lamine concentrati.n was high, suggests that circulating catecholamines
or the sympathetic nervous system was. responsible for the increases in
gastric artery pressure due to endotoxin.

In the three double circulation experiments in which endotoxin was
injected systemically and presumably neither endotoxin nor any substances
it elaborated could have reached the gastric circulation, gastric arterial
pressures were not significantly different front the control animals with
two circulations (Fig. Zb). This suggests that endotoxin acts to raise
gastric vascular resistance in the intact animal through local vasocon-
striction mediated primarily by circulating substances. The sympathetic
nervous system is of little importance locally in this preparation.

The mild early systemic hypotension induced by endotoxin was not
responsible for the gastric vascular resistance changes. When compa-
rable degrees of hayp6tenslon were induced by exsanguination, left gastric
artery pressure did not change.

The nature of the mechanism whereby endotoxin elaborates vaso-
active substances is not evident from these studies.

V. SUMMARY

The effects of endotoxin on the gastric vascular bed of the dog were
investigated using an acute preparation in which flow was kept constant
and pressure allowed to fluctuate freely.. Both gastric artery and coro-
nary venous pressures exhibited marked rapid increases in response to
S. typhosa endotoxin administered into the left gastric artery in ten dogs.
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Arterial pressure doubled and venous pressure increased by about 200
mm. Hg within five to ten minutes after endotoxin injection. A rterial
pressure remained elevated for 30 minutes, but venous pressure re-
turned to normal in 15 minutes. Simultaneously. systemic pressure fel
20 per cent in ten minutes and only partly recovered by 30 minutes. Th4
responses of the gastric artery and coronary vein were blocked by local
infused phentolamrine.

In a second series of animals whose systemic and gastric circu-
lations were completely separated. endotoxin administered into the gas-
tric circulation prevented the resistance increase observed in control
animals and in animals with endotoxin administered in the systemic
circulation. The response of the gastric vasculature to endotoxin noted

in the intact animals was not observed in the dogs with separate gastric
and systemic circulations in whom endotoxin had been administered in
either circulation.

These studies indicate that the left gastric arterial and coronary
venous pressure increases induced by endotoxin in the intact animal are
mediz.ted by increased levels of circulating catecholamvines.
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